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Abstract: The Inferior Alveolar Nerve Block (IANB) presents challenges in clinical
education for dental students due to its complex anatomical structures. Furthermore,
conventional 2D educational materials have limitations in enabling a systematic
understanding of the three—dimensional relationships among the complex oral mucosa,
mandible, and nerve pathways. Therefore, this study aims to overcome the drawbacks
of existing 2D materials by developing a 3D animation video that integrally visualizes
the anatomical structures and procedural pathways of IANB. The spatial orientation of
the mandible was aligned based on cephalometric landmarks. Using high—resolution
sculpting in ZBrush alongside animation and rendering in Autodesk Maya, the mandible,
nerves, and blood vessels were precisely modeled. The finalized 3D animation
comprehensively visualizes the oral mucosa, mandible, and nerve pathways within a
single field of view. By rendering the oral mucosa transparent, it clearly demonstrates
the spatial relationship between the needle insertion path and the target nerve. To
provide an immersive experience similar to an actual clinical environment, an
operator’s view camera angle and visual emphasis techniques were applied. The
content was structured to match the exact clinical sequence, thereby increasing its

potential for educational standardization. The final educational video was produced in
FHD (Full HD, 1920 x 1080 px) resolution and published on YouTube for public
accessibility. This educational video serves as a valuable tool for explaining the

fundamental principles of local anesthesia through a three—dimensional understanding

of anatomy. Moreover, this visualization—based approach is expected to serve as a



versatile educational model that can be expanded to various clinical skill training

contents.

Keywords: Dental Local Anesthesia, Inferior Alveolar Nerve Block, 3D Animation,

Medical Illustration, Anatomical Education Content
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Fig. 1. Production procedures of developing a 3D animation video for the visualization of

anatomical structures and procedural pathways for Inferior alveolar nerve block.
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Table 1. 13—Step protocol for Inferior alveolar nerve block.

Criteria

Clinical Procedure / Steps

Script Summary

Fundamentals of
Dental Anesthesia

Anatomical Scope of
Anesthesia

Procedural Preparation

Anatomical Landmarks

13 local anesthesia techniques

3 types of local anesthesia

Pain relief mechanism of block anesthesia

Definition of anesthetic technique

Extent of anesthetic effect

Topical anesthesia prior to injection

Types of anesthetic needles

Preparation for clinical procedure

Anatomical landmarks

Injection site

Needle angulation and anesthetic deposition

Explains 13 local anesthesia techniques
currently utilized in clinical practice.

Administers dental local anesthesia via
three modalities: block, infiltration, and
topical anesthesia.

Demonstrates how block anesthesia
effectively mitigates pain during dental
treatment by anesthetizing a broad
anatomical region.

Defines inferior alveolar nerve block
(IANB) as the blockade of the inferior
alveolar nerve prior to its entry into the
mandibular foramen.

Blocks sensation comprehensively across
the teeth spanning from the mandibular
first molar to the midline, including
adjacent soft tissues.

Applies topical anesthesia utilizing a
Xylocaine spray formulation intended for
local anesthesia before needle insertion.

Uses 25G and 27G dental needles with a
length of 30 mm or greater.

Identifies the injection site superior to the
posterior molars following retraction of
the patient's buccal mucosa.

Verifies the anatomical landmarks situated
between the pterygomandibular fold and
the coronoid notch.

Targets the midpoint between the two
landmarks, located approximately 1cm
superior to the occlusal plane of the
mandibular first molar.

Instructs to approach from the
contralateral premolar angle, contact the
mandibular bone, and subsequently
deposit the anesthetic solution.




Precautions Anatomical damage and precautions Cautions against deep needle insertion to
prevent inferior alveolar neurovascular
bundle.

Summas Summarizes the key take-home messages

ry Yy g
and core clinical concepts of the
educational video.
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Table 2. Software utilized for 3D modeling and texturing in inferior alveolar nerve block

visualization.
3D Object Modeling Software Texturing Software




Head

Mandible

Teeth

Oral mucosa

Tongue

MetaHuman Creator
(Epic Games, Cary, North Carolina, USA)

Autodesk Maya 2024
(Autodesk, San Rafael, California, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

Autodesk Maya 2024
(Autodesk, San Rafael, California, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

Autodesk Maya 2024
(Autodesk, San Rafael, California, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

Autodesk Maya 2024
(Autodesk, San Rafael, California, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

Autodesk Maya 2024
(Autodesk, San Rafael, California, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

MetaHuman Creator
(Epic Games, Cary, North Carolina, USA)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

ZBrush 2023.1
(Maxon, Friedrichsdorf, Germany)

Adobe Substance 3D Painter 2024
(Adobe, San Jose, California, USA)

Adobe Substance 3D Painter 2024
(Adobe, San Jose, California, USA)
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Fig. 2. Facial modeling and retopology for the patient model. (A) Initial ZBrush sculpting
of an Asian face; (B) Maya retopology result optimized for edge flow.

HE d= 29 Unreal Engine 5 ¢ Mesh to MetaHuman 7)< &&3] #a7e,

i 28l 5o AFARl 99 2dE BeeRlth(Fig. 3).

B

Fig. 3. The final output of the secondary processing and refinement based on the
primary base mesh extracted using the Mesh to MetaHuman feature in Unreal Engine 5.
(A) Anterior view; (B) Right lateral view.
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ol €l (mandible), *|o}(teeth) @] A& AE3Sth(Fig. 4). Faust A3 39
HE W Al S Axs o2 2o (Table 5). oflgw o] & &2 ZBrush oA 1 2k A|&beta,
o]% Maya oA RSk oy el <k weo QX gt Ew 47 (mandibular

foramen) 2 AW HE7Y (mental foramen) Weko 2 F3PdtE ofgio]EAI A 2

T HAEZE Maya 9 Wireframe 7]%5<S 833 tH(Fig. 5).

B

Fig. 4. Cephalometric landmarks. (A) Reference schematic diagram of cephalometric
landmarks (adapted from Khalid et al., 2025, licensed under CC BY 4.0); (B) 3D mesh
model with landmarks mapped for mandibular position verification based on the
reference diagram.

Table 5. A list of annotated cephalometric in our dataset, including detailed clinical
descriptions.

Landmarks Symbol Category Clinical Desecription

Soft Tissue Nasion N' Soft Tissue Point on soft tissue over nasion.

Pronasale Pn Soft Tissue Tip or apex of external nose.

Subnasale Sn Soft Tissue In the midline, the junction where the base of the

columella of the nose meets the upper lip.

Most prominent point on the vermilion border of the

Labrale inferius Li Soft Tissue Lo -
lower lip in midsagittal plane.

Soft Tissue Pogonion Pog' Soft Tissue Soft tissue over pogonion.

12



Orbitale

B point (Supramentale)

Pogonion

Gnathion

Menton

Condylion

Articulare

Ramus

Gonion

Lower Incisor Tip

Upper 2nd PM Cusp Tip

Lower 2nd PM Cusp Tip

Upper Molar Cusp Tip

Lower Molar Cusp Tip

Pog

Co

Go

LIT

UPM

LPM

UMT

LMT

Skeletal

Skeletal

Skeletal

Skeletal

Skeletal

Skeletal

Skeletal

Skeletal

Skeletal

Dental

Dental

Dental

Dental

Dental

The lowest point on the inferior margin of the orbit.

The innermost point on the contour of the mandible
between the incisor tooth and the bony chin.

The most anterior point on the contour of the chin.

Point located perpendicular on the mandibular
symphysis midway between pogonion and menton.

The most inferior point on the mandibular symphysis
that is the bottom of the chin.

Most posterior/superior point on the condyle of the
mandible.

The point of intersection between the shadow of the
zygomatic arch and the posterior border of the
mandibular ramus.

The most convex point on the posterior border of the
ramus along the vertical.

The midpoint of the contour connecting the ramus and
body of the mandible.

Incisal edge of the lower central incisor.

Buccal cusp tip of upper 2nd premolar.

Buccal cusp tip of lower 2nd premolar.

Mesiobuccal cusp tip of upper 1st molar.

Mesiobuccal cusp tip of lower 1st molar.

Fig. 5. 3D modeling process of the mandible and inferior alveolar neurovascular
pathway. (A) Wireframe view displaying the internal course of the inferior alveolar



nerve and vessels traveling from the mandibular foramen to the mental foramen; (B)
Final wireframe and shaded model of the mandible's medial aspect after path generation.
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Fig. 6. Node connection workflow within Autodesk Maya's Hypershade for implementing
high—resolution details (subdivision level 5) on the final model. The aiNormalMap is
activated by linking its 'Out Value' attribute to the 'Normal Camera' input of the
aiStandardSurface shader, ensuring artifact—free rendering of surface details.

A

Fig. 7. Texture maps for realistic rendering of intraoral structures. These maps consist
of normal maps (left) and albedo maps (right) to replicate actual clinical coloration and
micro—surface details. (A) Teeth texture; (B) Gingiva texture; (C) Oral mucosa and
tongue texture.
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aydgoz HAF7] 93] Maya ¢ Camera 7]5S 83t ol Ew (mandible),
olgfo] 5417 (inferior  alveolar nerve), o}&jo]E% 9 (inferior alveolar artery),
of# o] &4 (inferior alveolar vein)®] T3 HAZE7}F Ao x=ZFHo 47 zl5%
H7HA 2 KoleE FhulgkE SIAARAT. 53] A AL @Ak ]ieks HiE= Top-—
View A1 8= whgsto] @33s =3 FAF 1A ¢ FAAE S angor ddatr] 96,
AL Siek AHube] FAbmbES ¥ A gwgygo]l Role AHCA FAP|ZE

ofgfol EAlAel Fol mHAZE F]lEe Ade B8 o FAel ANk s

e F2E gnor nolFogxw dazle olglE Hux Utk o= %4

AA A3 AR BAT FAS AokE THS] da 23 4AL Agsdh FIER

A B

Fig. 8. Multi—angle perspective of the inferior alveolar nerve block (IANB) using the
Maya camera. (A) Bone—only isolated view tracking the simulated anesthetic infiltration
near the mandibular foramen; (B) Clinician’ s view with a transparency imaging effect
to demonstrate the spatial relationship between the superficial oral mucosa and the
underlying IAN.
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Fig. 9. Maya Area Light setup simulating dental operatory illumination, positioned deep
within the oral cavity for clinical visibility.
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Table 6. Visualization strategies implemented in the educational animation.

Visualization

Educational purpose

Anatomical highlighting
Step-by-step animation
Dynamic needle trajectory
Operator's view camera
Dual-perspective visualization
Transparent oral mucosa

Color coding

Highlighting key anatomical landmarks
Sequential understanding of procedural steps
Continuous needle tracking and depth mapping

Replication of actual clinical field of view

Simultaneous visualization of operator perspective and internal
anatomical structures

Concurrent observation of mucosal and deep anatomical structures

Application in the differentiation of nerves, arteries, veins, and
bone tissues
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IAN Block Injection Sequence

X|of3ta R 8 918 OF2H0lE 4 Z XHeh0bH 3D OL|LHO] 4 4% | Inferior Alveolar Nerve Block(IANB)

Fig. 10. Conceptual plan of the 3D educational guide utilizing YouTube as the delivery
medium, which is currently published and accessible on the platform. The video can be
accessed from the following link: https://youtu.be/k8ebxIzh_VO.

G AR olF, FEe HAA WEs AlFElete] dxaYY dHE EAHE

A&strt, HE ZAHE Fig. 11 3 299 A0(1189 x 841 mm) A7 = A&sHgth

:

EAE Adtels dAS ok AW =3 v sV AR EHE VITrEs wiAESIH

ZaE AZoE o A4 27 $AL ekl geletdn, TAE uAdE Bl

AAA AT RR SHAT} AN F2E B B & RS S,

21



Inferior Alveolar Nerve Block 3D Guide

Fig. 11. Educational poster demonstrating the procedure of inferior alveolar nerve
block (IANB) alongside major anatomical landmarks, mandible, and the inferior alveolar

nerve.
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